In a preliminary paper by Honeij 1 on bone changes in leprosy it was shown that in this disease there is a definite absorption of bone salts. The idea seems prevalent that the bony changes in leprosy axe due to suppurative processes or to nerve lesions, and hence little attention has been paid to them. This view-polnt is, however, entirely erroneous, for although bony changes may bear a relation to suppurative processes and to nerve lesions, Honeij points out that this kind of reaction plays no part in the true type of bone absorption which is part of the general disease. Thus, in the cases of leprosy with absence of suppuration and nerve disturbances the absorption of bone salts is demonstrable. Again, in progressive cases without any marked evidence of nerve involvement and distinctly without indication of suppuration the absorption of bone salts and consequent changes are most noticeable.
From the foregoing considerations it is apparent that a study of the calcium and magnesium exchange in leprosy would possibly afford a better conception of the processes involved in the abnormal condition under discussion. Indeed, the possibility exists that such a study might lead to improvement in treatment or prognosis as well as be of importance in the classification of the various types of leprosy.
i Honeij, J. A., Am. J. Roentgenol., 19i7, iv, •. s, , 494 . 
Plan of Investigation.
Experience has demonstrated that simple determination of the balance of calcium and magnesium in the body does not always lead to convincing conclusions. This is due in large measure to the fact that it is difficult to obtain approximately perfect balances, and even though attained this maintenance is not easy. An attempt to draw definite conclusions from the balances alone is even more difficult in diseased conditions wherein the elements concerned exert a disturbing influence.
Therefore in the present investigation, although due weight has been given to the calcium and magnesium balances, more significance has been attached to giving the diseased organism a distinct task to perform and observing the manner in which this is accomplished. Stated differently, the general plan of procedure has been to maintain diseased individuals upon a restricted diet low in calcium and magnesium and then for a period to increase the calcium or magnesium either by administration of food rich in the element or directly as a salt. From the data so obtained various ratios were calculated. A comparison was then made with the ratios obtained from normal individuals maintained under similar experimental conditions. In this manner deviations from normal behavior are readily detected, inasmuch as usually, when perverted calcium or magnesium exchange occurs, the evidence is quite noticeable.
Method.--The dietary was limited in the kind of food, and, as has been stated previously, was so selected as to be poor in calcium and magnesium quantitatively. The dietary was restricted within certain limits but was not a constant diet. Calcium was added to this diet in the form of milk, magnesium as magnesium citrate. The investigation was divided into four periods. Previous to the first period all subjects were maintained upon the diet of Period 1 for 3 days. Period 1 was arranged so as to represent a calcium-magnesium-low interval. Period 2 represented a caldum-rich but magnesium-low period. This was accomplished by the addition of varying quantities of milk. Period 3 was approximately identical with Period 1; that is, a period low in both calcium and magnesium, milk being withdrawn from the dietary. Period 4 was essentially the same as Period 3 except that 2 gm. of magnesium citrate, equivalent to 205 mg. of magnesium, were admin-~. P. UNDERItlLL~ j. A. HONEIJ, AND L. J. BOG~-RT 43 istered in three equal doses daily. In other words, Period 4 was an interval of low calcium and high magnesium.
The experimental periods were marked off in the feces by the employment of carmine. Caldum and magnesium were determined in the food, urine, and feces by the methods of McCrudden. ~ CoraplainL--"Red spots on body." A few spots first appeared on the face, resembling lesion now present. These lesions were at first small and red, later became browner and larger. Cheeks were at first affected, then the feet, following these the arms and hands. Lesions are not painful, have never itched, never broken down to form ulcers. Patient claims he feels well. For less than a year the left side of the nose has been almost completely blocked; no catarrh previously, shows thickening of the septum on the left side,-with whitish color and several small whitish nodules. Glands of the cervical, axillary, epitrochiear, and inguinal regions are all moderately enlarged. The skin shows the greatest changes. On the face and forehead rather numerous, flat papules 2 to 4 ram. in size and of a brownish color. An infiltrated area 1 cm. in diameter seen on right cheek and two similar areas on left cheek. Pigmented areas also seen. A nodule 1.5 cm. in diameter on left forehead, involving skin and subcutaneous tissue. The same lesions are found on Sorearm, elbows, buttocks, thighs, and lower legs, mostly on extensor surf~tces. The nerves are thickened; the ulnar nerves, peroneal, and popliteal are also affected. Many large papules and a large area on left shin are anesthetic: Many pigmented areas are slightly affected. The blood examination on November 8, 1917, shows 63 per cent hemoglobin and 8.4 per cent white cells, mostly polymorphonuclears. Wassermann reaction + + +. Later the white cell blood count was 11,000 with 75 per cent polymorphonuclears. Achroma also.
Description of
McCrudden, F. M., J. Biol. Chem., 1909-10, vii, 83; 1911-12, x, 187. The diet for all subjects consisted of varying but definite quantities of the foodstuffs presented in Table I . The calcium content and magnesium content are also given. In order to save space the quantifies of food consumed daffy are omitted. Calcium and Magnesium Balances.
In Tables H to V are presented the data relative to the calcium and magnesium exchange in the four subjects of investigation. The first period shows the two normal subjects to be in a distinct negative calalum balance, but on the other hand, the magnesium balance is positive. Added calcium, in the form of milk, in the second period causes both subjects to approach an equilibrium. In Subject 1 the added calcium exerted little or no influence upon the magnesium balance, whereas with the other normal individual, Subject 2, a distinct negative magnesium balance was exhibited. Withdrawal of the additional calcium in the third period resulted with the two normal subjects in a distinct negative calcium balance; the negative magnesium balance in this period was not so marked. In the fourth period where magnesium citrate was added to the diet a significant TABLE II.
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Average per day. It is therefore evident that with normal subjects in negative calcium balance added calcium causes the balance to become positive and that the additional calcium exerts little or no influence upon the magnesium balance. The influence of the added calcium is, however, only temporary, since its withdrawal results in a resumption of a significant negative calcium balance. Added magnesium changes a slightly negative magnesium balance to a strongly positive one without a very significant influence upon the calcium balance.
With the leprosy cases a different picture is presented. Although both subjects were maintained on a low calcium intake in Period 1, Case 1 was in positive calcium balance and Case 2 was almost in perfect equilibrium. Case 1 was also in positive magnesium balance, whereas Case 2 showed a negative balance. Administration of added calcium in Period 2 demonstrated in both instances retention of calcium, greater in Case 1 than in Case 2. With Case 1 the magnesium balance was little altered, whereas with Case 2 the balance was more strongly negative than it was in Period 1. In Period 3, during which the additional calcium was eliminated, both calcium and magnesium were negative with respect to equilibrium. In the fourth period added magnesium caused a positive magnesium balance, and with Case 2 a positive calcium balance was also obtained. With Case 1 an approach to calcium equilibrium was evident.
A comparison of these results with those of the normal subjects shows that there is an apparent tendency for the leprosy subjects to remain in positive balance with respect to calcium, and in Case 1 in magnesium balance also. It is also evident that this tendency is, with respect to calcium, greater in the more advanced case, No. 1, than in the other patient. It is therefore indicated that in leprosy the organism exhibits a tendency to retain calcium whether maintained upon a diet containing little or much of this element, the more advanced the pathological condition clinically the more evident does this tendency to retention become.
In leprosy the organism may or may not retain a large portion of the added magnesium. Where retention was in evidence its degree was not strikingly greater than in the normal individuals maintained under similar conditions. In order to ascertain the correctness of the statement that in leprosy there is a tendency to retain calcium, the data have been subjected to further analysis.
Excretion of Added Calcium.--If one calculates the percentage of added calcium eliminated from the body during the period of administration, i.e. Period 2, it will be found that in leprosy the figures are different from those for normal individuals (Table ¥I) . From these figures it is apparent that normal individuals in negative calcium balance promptly eliminate added calcium almost quantitatively, only a small amount of added calcium being retained; this leads to a corresponding approach to calcium equilibrium. In leprosy added calcium is retained in large measure. In the two individuals studied a marked difference was observed in the ability of the body to retain calcium. The query is pertinent whether this difference in behavior is due to a difference in the stage of the disease. Clinically the two cases are distinct, Case 1 being in a more advanced stage than Case 2. From the fact that the more advanced case shows the greater retention of calcium it may be argued that this subject has the greater need for this element. Relation of Calcium Output to Intake.--From an inspection of Table VII it is apparent that in leprosy calcium exchange is different from that found in normal individuals. Placed upon a low calcium 52 CALCIUM AND MAGNESIUM METABOLISM IN DISEASE. I diet the leprous subjects exhibited a distinct tendency to retain calcium, the retention being especially marked in Case 1, the more advanced case. When placed upon a calcium-rich diet Case 1 retained enormous quantifies of calcium, the other subject, Case 2, exhibiting this behavior to a much less marked degree. When again placed upon a calcium-poor diet both subjects tended to approach the normal individuals in their behavior. On the other hand, the 1.6 I 1.0 I 1.8 I 1.9 1.2 I 0.9 I 1.7 ] 1.7 0.6 I 0.4 I 1.5 I 1.0 1"° I °'7 I 1"° I 0"9 excretion was less marked again in the fourth period, and evidence of a tendency to retention is to be observed. This approach to a normal type of excretion may perhaps be interpreted to mean that the leprous organism once having a sufficiency of calcium for its present needs rather slowly parts with the excess.
Relation Of Output to Intake for the Entire Period.--Comparison (Table VIII) of the total output in relation to intake for the entire --2,860 --2,874 - [-1,760 +1,309 period of investigation in the four subjects brings out the fact already alluded to; namely, a significant calcium retention in leprosy, even though the subjects were maintained for three periods out of four on a calcium-low diet. Again the fact is emphasized that in the more advanced patient, Case 1, the retention is greater than in the less advanced patient, Case 2. The normal subjects, on the other hand, exhibited a marked loss of calcium.
Relation of Calcium Intake and Output to Body Weight.raThe weights of the individuals under experimentation varied widely and it is possible that this variation may bear a relation to the interpretation of the facts discussed above. With this idea in mind the relation of the total intake and output of calcium to body weight has been expressed numerically in Table IX . Inspection of these data will show at once the same general type of differences already discussed, so that it may be concluded that variations in body weight do not account for the fact that in leprosy calcium is used differently than in the normal organism. Absorption of Calcium.--A point of considerable interest in the interpretation of the data presented relates to the question of variation in absorption of the introduced calcium. It is obvious that this question does not lend itself readily to dogmatic statements, since it is probable that calcium is excreted in variable degree by both the kidney and intestine under diverse circumstances. However, in the present discussion it is pertinent to compare the absorption of calcium in leprosy with that of normal individuals. In this 54 CALCIUM AND MAGNESIUM M]~TABOLISM IN DISEASE. I consideration the excretion of calcium through the urine is taken tentatively as evidence of absorption; the passage of calcium from the body through the feces as unabsorbed calcium. This is obviously incorrect, since undoubtedly part of the calcium eliminated with the feces is calcium which underwent absorption and is merely excreted by the intestine. For a comparative study of absorl~ion , however, such a hypothesis may be employed.
On the basis of this hypothesis, with the necessary limitations involved, a study of the excretion of calcium by way of the urine in relation to the intake shows some noteworthy features (Table X) . With the normal individuals on a calcium-low diet from approximately one-half to a quantity equal to the ingested calcium is excreted TABLE X.
Relation of Urinary Caldam Excretion to Calcium Intake. Calcium of Urine Ratio:
Calcium of Food Period. by way of the kidney. As a calcium-rich diet is introduced the relative quantity of food calcium absorbed diminishes to a perceptible degree. Withdrawal of the calcium-rich diet causes the relation between the calcium excreted by the kidney and that ingested to resume the status which obtained in the calcium-poor period previously.
Subject
With the cases of leprosy the ratio is radically different from that of the normal individuals. In both cases relatively little calcium is eliminated by way of the urine. This is especially noticeable with the more advanced patient, Case 1. On a calcium-rich diet both subjects follow the general type of behavior of normal subjects; the degree of deviation is markedly different. The same fact holds when the calcium-poor diet is again introduced.
Relation of Fecal Calcium to Calcium Intake.--The figures given, when appfied to the hypothesis outlined above, would lead one to conclude that very much less calcium was absorbed in the leprous cases than in the normal individuals. However, before positive conclusions can be drawn relative to this point a study should be made of the relation of calcium excretion by way of the feces to the calcium intake. This has been done and the results are expressed in Table XI . These figures demonstrate that normal conditions exist with respect to calcium elimination by the intestine in leprosy when these subjects are placed upon a calcium-poor diet. Addition of calcium to the diet results in a relatively smaller quantity C~sel;leper .......................... appearing in the feces during this period. Since in this period there is no increase in either the urinary or fecal excretion of calcium it is obvious that the added calcium was absorbed in large measure. This theory is supported by the fact that in the later periods upon a calcium-poor diet some of the retained calcium is excreted by both the urine and feces (see Periods 3 and 4, Tables X and XI). The conclusion is therefore warranted that the behavior of leprous subjects with respect to urinary calcium excretion cannot be ascribed to lack of absorption of this element. Moreover, absorption of calcium in the leprous condition seems even better than in the normal individual. This is especially true with the more advanced patient, Case 1.
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CALCIUM AND M.AGlqF_,SITYMZ METABOLISM ]~I DISEASE. I Relation of Urinary Calcium ~o Fecal Calcium.--If a comparison is made of the output of calcium in the urine and feces it becomes evident (Table XII) that only a small proportion of absorbed calcium is excreted in the more advanced case of leprosy. With the less advanced case the behavior is more nearly normal. When compared to normal individuals under the same experimental conditions leprous patients retain calcium in relatively large quantities whether the individual is maintained upon a calcium-poor or a calcium-rich diet, and the greater the intake the greater is the relative retention. In the more advanced stage of the disease the degree of retention is greater than in the early phase. This retention cannot be explained by differences of calcium intake, or by variation in the power of absorption. It is apparently an evidence of metabolic demand for calcium induced by the disease. Clinically, it may be inferred that there is a need for calcium; experimentally, the organism gives demonstration of this need by retention of calcium administered.
It is perhaps self-evident that the loss of bone salts in leprosy is but a manifestation of the disease processes. Nevertheless, it is conceivable that under dietary conditions in which calcium is not particularly abundant the lack of this element may play a material part in the rapidity of the progress of the disease. Conversely, the suggestion is pertinent that the progress of the disease may be greatly retarded or perhaps even alleviated if an abundance of calcium is ]L P. UNDERHILL, J. A. HONEIJ, AND L. ]. BOGERT 57 present in the diet. The suggestion that plenty of calcium should be supplied in the food as a therapeutic measure is at least worthy of trial.
Magnesium Metabolism.
Excretion of Added Magnesium.--From the figures in Table XIII it is apparent that normal individuals in a slightly negative magnesium balance retain more than one-half the magnesium added to a diet relatively low in this element. Of the leprosy patients, Case 1 behaved in a manner very similar to the normal individuals, whereas in the less advanced patient, Case 2, three-quarters of the administered magnesium was promptly eliminated. " 2; " ............................................  Case 1; leper ................................................  " 2; " ............................................ 
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Relation of Magnesium Output to Intake.--As may be seen from an inspection of Table XIV leprous individuals differ little from normal individuals in the manner in which magnesium is eliminated from the body, whether these subjects are maintained upon a diet low or rich in magnesium. Relation of Output to Intake for the Entire Period.--It is only when comparison is made between the total output and total intake of magnesium that a marked difference can be observed between normal individuals and leprous subjects. From Table XV it is seen that in spite of the fact that Case 1 ingested only about one-half or less of the magnesium taken in by the normal subjects, yet the absolute quantity of magnesium retained was more than double that of the normal subject retaining the most. It would appear, therefore, that in this case there is indication of a distinct magnesium retention. This would naturally be expected, since clinically in this patient there was evidence of considerable bone absorption. In Case 2, however, evidence of bone absorption was less apparent. With this 
Magnesium.
Output. Intake. mg. mg. 4,133 4,468 5,806 5,894 2,291 2,983 5,560 5,314 Difference.
+335
--88 +692 -246 subject there is a small loss of magnesium rather than a retention. It is therefore probable that in the advanced stages of leprosy the organism conserves its magnesium store, since it retains a considerable quantity. Although the advanced case of leprosy retained about the same .percentage of food magnesium, the absolute amount retained was much greater, as may be seen from Table XV . Relation of Magnesium Intake and Output to Body Weight.--When a comparison is made of the intake and output of magnesium to body weight it may be seen (Table XVI) that although the intake of the advanced leprous patient, Case 1, was much smaller than that of either the normal subjects or the other patient, nevertheless more magnesium was stored. Relation of Urinary Magnesium to Fecal Magnesium.--A comparison of the ratio of urinary magnesium to fecal magnesium demonstrates a marked difference in the case of advanced leprosy from that of the other subjects (Table XIX ). In the normal individuals studied approximately one-third of the total magnesium excretion is by way of the urine. This relation holds fairly constant whether the individual is maintained on a low magnesium diet or whether additional magnesium has been administered. In general, with Case 1, on the other hand, almost as much or somewhat more magnesium is excreted by the urine than by the feces as long as the individual is on a magnesium-poor diet. When this element is added to the diet the ratio characteristic of the normal individual is obtained. ,, 2; " ............................. ......................... A study of magnesium exchange in normal and leprous subjects demonstrates that in the advanced stage of leprosy there is a tendency for a retention of magnesium. This behavior is, however, not strikingly different from that of normal individuals maintained under similar dietary conditions.
Relation of Calcium to Magnesium.
Rdation of Calcium and Magnesium in the Food.--In Table XX may be found the ratio of food calcium to food magnesium. Inspection of these data will demonstrate that in the first calcium-poor period, that is Period 1, the ratio is remarkably constant. In the second period, that in which calcium was added in the form of milk, the ratio in the normal individuals changes markedly, but in the two instances is quite constant. With the leprosy subjects there is the same type of uniformity in the two individuals, but the ratio varies even further from that of Period 1 than in the normal subjects. With a return to a calcium-poor diet there is little variation in any subject from the figures for the first period. Added magnesium naturally lowers this ratio somewhat, but in no subject does it result in a perverted variation. 4.3 I 1.5 [ 0.7  1.5 [ 4.1 I 1.410.9 Relation of Calcium and Magnesium in the Urine.--In the first calcium-poor period, in spite of the fact that the calcium-magnesium ratio in the food was fairly constant, there is a considerable variation in the ratio of urinary elimination of these substances even in normal individuals (Table XXI) . In the leprosy cases the ratio is distinctly perverted, especially in the advanced case. This perversion, however, may be explained by the retention of calcium by these subjects. When a calcium-rich diet is given the ratios vary more widely in the normal subjects than they do in the leprosy cases. Addition of magnesium does not alter the ratios in any determinable manner.
The most significant feature with respect to the ratio of calcium and magnesium in the urine is that a change from a calcium-poor diet to one rich in calcium, or the reverse, or a change from a magnesium-poor diet to a magnesium-rich diet does not induce any significant alteration in the unusual ratio of calcium to magnesium in the urine in the advanced case of leprosy, Case 1.
Relation of Calcium and Magnesium in the Feces.--As may be seen from inspection of Table XXII the relation between the calcium and magnesium of the feces in leprosy does not differ widely from that in normal individuals. The greatest variation is in Case 1 and is caused by the fact that relatively less magnesium is eliminated through the feces than in the other subjects.
A study of the relations existing between the calcium and magnesium of the food, urine, and feces demonstrates that even in normal subjects, although the relation of food calcium and magnesium may be quite constant, nevertheless a decided variation may exist in the relation of these elements in the urine and feces, especially in the former. This fact is undoubtedly explained by the extent of retention of one or the other of these elements.
In leprosy the perversion of ratios is much more noticeable, especially in the advanced case. Inasmuch as relatively large quantities of calcium and much smaller quantities of magnesium were retained in the body it is evident that the greater retention of these elements in leprosy is sufficient to explain the peculiar ratios observed, for instance, in Table XXI. CONCLUSIONS.
In leprosy there is a definite retention of calcium. The more adva~nced the stage of the disease the greater is the degree of retention.
This behavior on the part of leprous individuals may be taken as an indication that the organism is in need of calcium.
Magnesium may also be retained in leprosy, but the degree of retention is much less marked than in the case of calcium.
With the exception of the retention of calcium and magnesium the leprous organism responds to changes in the intake of calcium and magnesium in the same manner as normal individuals.
The results of this investigation suggest that in leprosy administration of calcium may be of benefit as an additional therapeutic measure in an endeavor to retard or arrest the progress of the bone changes characteristic of the disease.
